In vivo functional characterization of the transmembrane histidine kinase KinC in Bacillus subtilis.
In response to starvation, Bacillus subtilis cells differentiate into different subsets, undergoing cannibalism, biofilm formation or sporulation. These processes require a multiple component phosphorelay, wherein the master regulator Spo0A is activated upon phosphorylation by one or a combination of five histidine kinases (KinA-KinE) via two intermediate phosphotransferases, Spo0F and Spo0B. In this study, we focused on KinC, which was originally identified as a sporulation kinase and was later shown to regulate cannibalism and biofilm formation. First, genetic experiments using both the domesticated and undomesticated (biofilm forming) strains revealed that KinC activity and the membrane localization are independent of both the lipid raft marker proteins FloTA and cytoplasmic potassium concentration, which were previously shown to be required for the kinase activity. Next, we demonstrated that KinC controls cannibalism and biofilm formation in a manner dependent on phosphorelay. For further detailed characterization of KinC, we established an IPTG-inducible expression system in the domesticated strain, in which biofilm formation is defective, for simplicity of study. Using this system, we found that the N-terminal transmembrane domain is dispensable but the PAS domain is needed for the kinase activity. An in vivo chemical cross-linking experiment demonstrated that the soluble and functional KinC (KinC(ΔTM1+2)) forms a tetramer. Based on these results, we propose a revised model in which KinC becomes active by forming a homotetramer via the N-terminal PAS domain, but its activity is independent of both the lipid raft and the potassium leakage, which was previously suggested to be induced by surfactin.